Introduction. Protein kinase hyperactivity is often observed in different types of tumor cells. This activity permanently stimulates proliferative signal cascades, increasing the frequency of cells entering the mitotic phase, which is one of the major features of malignancy. Protein kinase inhibition can promote cell cycle arrest [1] [2] [3] [4] , thus preventing malignization.
Some characteristics of the chemical structure of maleimide make it a perspective cytostatic agent. By the end of the ÕÕ century, a number of maleimide derivates, such as bisindolylmaleimides, azoindolylmaleimides, and arylindolylmaleimide, were known for their antiproliferative effects [5] . The antiproliferative effects on cancer cells are produced by the products of nucleophilic substitution of a chlorine atom in the 3,4-dichloro-1H-pyrrole-2,5-dione (maleimides) with N-nucleophiles (primary, secondary aliphatic, and aromatic amines). The set of maleimide derivatives for our study was synthesized at Research and Production Biochemical Center of Taras Shevchenko National University after the stage of in silico design.
The general scheme of the synthesis is shown in Fig.  1 . As revealed by the results of pre-screening, the substance number 1.14 turned out to be the most potent cytostatic one, with the lowest general toxicity. This agent was classified as 1-(4-Cl-benzyl)-3-Cl-4-(CF 3 -phenylamino)-1H-pirrol-2,5-dion, hereby denoted as MI1 (Fig.  2) [6] . At the in silico stage of substance molecular design, we expected that its spatial configuration would be complementary to the ATP-binding site of protein kinases. MI1 conformation resembles the ATP molecule but lacks the sites of hydrolysis and can act as a competitive inhibitor of protein kinases. The biochemical studies showed its ability to inhibit enzymes of protein kinase class, especially effective against tyrosine kinases [6, 7] . The strong cytostatic and low cytotoxic effects of MI1 have been observed in tests on some epithelial derived cell lines [8] . The animal studies have confirmed a low toxic influence of MI1 on the digestive tract and reproductive system [9] [10] [11] . Ì²1 significantly suppresses the development of 1,2-dimethylhydrazine-induced colorectal tumors, both in prevention and in the treatment modes [12] . Therefore, the promising findings from previous studies suggest that MI1 should be explored more thoroughly. The aim of the present research was to investigate the effect of MI1 on the cell cycle progression, proliferative activity, and viability of transformed epithelium derived cells.
Materials and methods. Human epithelial derived cell lines were used to determine the cytotoxic/cytostatic MI1 effects. These were the colorectal cancer cell line Colo-205, the breast cancer line MCF-7, and the cervix cancer line HeLa (cell lines were kindly provided by Dr I. Goot, University of London).
Cells were incubated with MI1 for 24 h under normal conditions in 96 well plates for MTT-test. Initial cell concentration was about 5 ×10
4 cells/ml in the sample volume of 100 µl. As a culture media, we used DMEM («Sigma», USA) with 10 % FBS («Sigma»), 2 mM Lglutamine, and 40 µg/ml gentamicin. Different concentrations of MI1 were added to cell cultures in 100 µl of media after the period of cell adaptation in normal conditions (5 % CO 2 , 100 humidity, 37 o C) during 4 h. The number of living cells was determined in wells using MTT-colorymetric test and cell counts were performed using a tripan blue dye after 24 h incubation with MI1 [13] . The MI1 cytotoxic effect was evaluated as percent of live cells relative to control and characterized by IC 50 index.
The distribution of cells in different phases of the cell cycle was assessed by flow cytometry [14] . Cells were plated in 6-well plates at the density 5 × 10 4 cells/ml in total volume 5 ml of complete culture medium. Cells were incubated with MI1 at densities ten times lower than the IC 50 index estimated for each line by MTT-test. The cells were incubated for 48 h under normal conditions. The proportions of cells in different phases of the cell cycle were measured by flow cytometry with argon laser (l excitation = 488 µm, l emission = 585/40 µm) («Becton Dickinson», USA) following standard staining. The samples were analyzed with the help of the Mod Fit LT 3.0 («BDIS», USA) software.
Results and disscusion. The results of cytostatic/cytotoxic screening showed that the most susceptible to MI1 cell line was MCF-7. The IC 50 index for MCF-7 was 0.21 mM (Fig. 3, B) , while for HeLa and Colo-205 the indices were 0.43 and 0.63 mM, respectively (Fig. 3, À, C) . Our results confirm earlier evidence indicating low cytotoxity of MI1 for cell cultures and reveal its antiproliferative effect. For that reason each cell line was incubated at corresponding MI1 concentration that was ten times lower than the IC 50 index. The concentrations used were as follows: for HeLa -0.04 mM, for MCF-7 -0.02 mM, and for Colo-205 -0.06 mM. The ratio of live to dead cells was calculated in hemocytometer with trypan blue staining. The Colo-205 cell line was the most susceptible to MI1 toxic influence and demonstrated 17 ± 1.5 % dead cells (Table) , while HeLa and MCF-7 cells showed higher survival rates (more than 90 %) relative to control.
Thus, only Colo-205 cells demonstrated enchanced susceptibility to toxic effect at subtoxic Ì²1 concentrations. The pool of proliferating cells decreased in all the lines tested (Fig. 3) . The proportion of total cell population in G2/M + S phases for Hela was 45.6 ± 2.5 % in control and 35.4 ± 0.6 % with MI1; for MCF-7 -52.4 ± ± 0.7 % in control and 39.4 ± 0.7 % in the test; for Colo-205 it was -56.7 ± 0.9 % and 45.4 ± 0.8 %, respectively. The fraction of cell population in G1/G0 phases increased, thus, revealing a clear cytostatic effect of the tested substance. The described MI1cytostatic effects were probably based on the previously observed tyrosine kinase inhibitory activity.
Conclusions. 1. 1-(4-Cl-benzyl)-3-Cl-4-(CF 3 -phenylamino)-1H-pirrol-2,5-dion is demonstrates a moderate toxic effect on epithelial derived tumor cells. IC 50 index is: for HeLa -0.43 mM, for MCF-7 -0.21 mM, for Colo-205 -0.63 mM.
2. Cell survival at subtoxic concentrations Ì²1 (IC 50 ) did not significantly differ from control for HeLa and MCF-7, and was lower for Colo-205 (82.8 ± 5.4 % versus 93.6 ± 0.9 %).
3. Flow cytometry analysis demonstrated that in the presence of MI1 cells tend to enter the G1/G0 phase. The proportion of non-dividing cells increased by 20-30 % (p < 0.05). 
